utero ETS exposure and animal exposure on doctor-diagnosed asthma was approximately as expected on the basis of their independent effects on an additive scale. There was no interaction between animal exposure and ETS exposure in the first 2 years of life or current ETS exposure. Conclusions: This study provides evidence that animal and ETS exposure increases the risk of asthma-related symptoms in children in kindergarten. ETS exposure in utero did modify the effect of animal exposure on persistent phlegm and persistent cough but not on doctor-diagnosed asthma among children.
to ETS and endotoxins or exposure to indoor allergens on asthma symptoms and asthma-related symptoms.
We hypothesized that exposure to ETS enhances the symptomatic response to exposure to indoor allergens among children. The aim of our study was to test this hypothesis in Chinese children in kindergarten. Animal ownership was used as a marker of indoor exposure to allergens because animal ownership has been shown to be a strong predictor of the concentration of the respective allergen [3, 12] . Our study was conducted in a total of 8,819 children from 50 kindergartens in 25 districts in northeast China during 2009. We collected lifetime ETS exposure (including ETS exposure during pregnancy, ETS exposure in the first 2 years of life, and current ETS exposure) and animal exposure histories, as well as parental reports of respiratory symptoms and diseases (including persistent cough, persistent phlegm, doctor-diagnosed asthma, current asthma, current wheeze, and allergic rhinitis), at enrollment to examine the relationships between childhood coexposure to ETS and animals and respiratory symptoms and diseases.
Methods

Participants and Study Procedure
The procedures followed were in accordance with the Ethical Standards of the Responsible Committee on Human Experimentation of China Medical University, and this study was approved by the ethics committee of China Medical University. Children (n = 9,649) aged 2-6 years and in kindergarten were surveyed from 25 districts in 7 cities in Liaoning Province, China; 8,819 children actually responded, and the response rate was 91.4%. Liaoning Province is located in Northeast China and includes 14 cities. From April 2009 to October 2009, seven cities (Shenyang, Dalian, Anshan, Fushun, Benxi, Liaoyang, and Yingkou) were randomly selected from Liaoning Province. There are 5 inner-city districts in Shenyang city, 4 in Dalian city, 4 in Fushun city, and 3 in Anshan city, Benxi city, Liaoyang city, and Yingkou city, respectively. Two kindergartens were randomly picked from each district of the selected cities. The resulting 50 kindergartens were included. Local study staff informed participants about the survey at the participating schools. Teachers were given verbal and written instructions, questionnaires with envelopes, and forms to record questionnaire distribution and collection. After obtaining written parental consent, parents were invited to a parents' night with the attendance of study staff where teachers explained the study and the conditions of consent. Teachers were instructed not to force parents to fill out the questionnaire as compliance was strictly voluntary. Parents who wished to participate completed the questionnaire at home and returned it (via the child) to the teacher in an envelope. Endorsed consent forms were obtained from the parents or guardians of the subjects before their participation in the study.
Questionnaire Data
We assessed children's respiratory health, as well as potential risk factors such as exposure to indoor allergens, using a questionnaire. We included respiratory health-related questions from the American Thoracic Society's (ATS) Epidemiologic Standardization Project questionnaire, which had been proved to be valid in some studies [2, [13] [14] [15] [16] . This questionnaire had already been translated into Chinese for previous studies in other Chinese cities [2, 13, 15, 16] .
Children's respiratory conditions were determined from questionnaire responses and were defined as follows: (a) doctor-diagnosed asthma: a 'yes' answer to the question 'Has a doctor ever diagnosed asthma in this child?'; (b) current asthma: under the condition that the child has been diagnosed asthma, a 'yes' answer to the question 'Has this child been in a paroxysm of asthma in the last 2 years?' or a 'yes' answer to the question 'Does this child take medicine or treatment for asthma or asthmatic bronchitis?'; (c) current wheeze: a 'yes' answer to the question 'Does this child's chest ever sound wheezy or whistling, including times when he or she had a cold?' and a 'yes' answer to the question 'Has this child had 2 or more such episodes in the last 12 months?'; (d) persistent cough: the answer to several cough-related questions which indicate that the studied child had cough on most days (4 or more days per week) for at least 3 months a year either with or without cold during the last 12 months; (e) persistent phlegm: the answer to several phlegm-related questions which indicate that the studied child had been seen to be congested or had had a productive cough on most days (4 or more days per week) for at least 3 months a year either with or without cold during the last 12 months, and (f) allergic rhinitis: a 'yes' answer to the question 'Has a doctor ever diagnosed allergic rhinitis in this child?'. In order to detect the seasonal variation of these asthmatic symptoms, we also asked 'In which month did this asthmatic symptom usually occur?'. Current exposure to animals was characterized by questions defining the type and number of animals in the child's household during past 12 months. We created a categorical variable indicating whether the child was exposed to dogs, cats, farm animals, or other types of animals. We included chickens, ducks, cows, and pigs in the farm animal category. Children who did not have any animals were assigned to the reference category. We also asked whether the mother had been exposed to animals during pregnancy with this child and whether this child had been exposed to animals during the first year of life. Reported ETS exposure was classified 3 different ways: current household exposure, any passive smoking during the first 2 years of the child's life, and any passive smoking during maternal pregnancy with this child. Information regarding smoking by visitors or guests was not requested. The current number of household smokers and the current number of cigarettes smoked inside the house per day were recorded. The following 3 categories were defined: none, 1-10 cigarettes smoked per day, and 1 10 cigarettes smoked per day. Parental atopy was defined as a history of maternal or paternal asthma, allergic rhinitis, hay fever, allergic eczema, or allergic conjunctivitis. Information on this history was obtained in the questionnaire.
Statistical Analysis
We calculated adjusted odds ratios (OR) with 95% confidence intervals (CI) for each of the 5 outcome measures using unconditional logistic regression (PROC LOGISTIC in SAS System for Windows, version 8.12; SAS Institute, Inc., Cary, N.C., USA). We studied the relation between a history of asthma and asthma-related symptoms and parental atopy and current exposure to individual animals or any animal combined. We also studied the independent and joint effects of parental atopic diseases and animal exposure by comparing the risk of asthma in 4 exposure categories: (1) no ETS exposure and no animal exposure (reference category); (2) animal exposure but no ETS exposure; (3) ETS exposure but no animal exposure, and (4) both ETS and animal exposure. We calculated ORs contrasting each of the 3 exposure categories with the reference category. Estimates for the independent effects of ETS and animal exposure and their joint effect were derived from the same logistic regression model, adjusting for the following covariates assessed as potential confounders: age, gender, breast feeding, use of domestic cooking and heating fuels, parental atopy, area per person, household decorations, and parental education.
Results
The characteristics of the study population are presented in table 1 . The mean age of the children was 4.7 years (SD 1.2 years; range: 2.2-6.7). The prevalence of doctor-diagnosed asthma, current asthma, current wheeze, persistent cough, and persistent phlegm was 7.9, 3.5, 11.0, 13.3, 5.7, and 2.8%, respectively ( table 1 ) . Table 2 presents the risk of doctor-diagnosed asthma and asthma-related symptoms in relation to ETS exposure and the presence of animal exposure in the home among children in kindergarten. After adjusting for a set of other covariates, current ETS exposure was significantly associated with doctor-diagnosed asthma, current wheeze, persistent cough, and persistent phlegm among children, and the associations between current ETS exposure and the respiratory health of the children increased in strength with the number of cigarettes smoked inside the house per day. Among subjects who gave information about ETS exposure in the first 2 years of life and during pregnancy, these exposures were strongly associated with respiratory symptoms.
In the children, animal exposure during pregnancy was positively associated with current wheeze (OR 1.80; 95% CI 1.17-2.77) and allergic rhinitis (OR 2.52; 95% CI 1.43-4.44). Exposure to animals in the first year of life was also related to a significantly higher prevalence of doctor-diagnosed asthma (OR 1.80; 95% CI 1.19-2.73), current asthma (OR 2.39; 95% CI 1.41-4.08), and asthmarelated symptoms in these children. Current animal exposure was positively associated with persistent cough (OR 1.20; 95% CI 1.01-1.42) and persistent phlegm (OR 1.69; 95% CI 1.34-2.13) in the past 12 months, but not with doctor-diagnosed asthma (OR 1.17; 95% CI 0.95-1.45). In addition, subjects who had 2 or more animals were more likely to report persistent phlegm than were those who had only 1 animal. When analyzing according to the type of animal(s), it was found that doctor-diagnosed asthma was only strongly related to cat exposure (OR 1.66; 95% CI 1.19-2.32). Table 3 shows the joint effect of ETS exposure and animal exposure among children in kindergarten. In children without animal exposure, ETS exposure in utero 1 ORs are computed in relation to subjects with no ETS exposure. 2 ORs are computed in relation to subjects with no exposure to animals. 1.15-3.29) , which corresponds to a 94% excess risk, in children with both ETS exposure in utero and animal exposure compared with subjects in the reference category. The combined effect of in utero ETS exposure and animal exposure was approximately as expected on the basis of their independent effects on an additive scale. Also, there was no interaction in terms of ETS exposure in the first 2 years of life or current ETS exposure and animal exposure at home (p 1 0.05). The combined effect of these 2 factors was approximately as expected on the basis of their independent effects on the additive scale.
Interestingly, we found an effect of ETS exposure in utero and animal exposure on the risk of persistent phlegm and persistent cough. In children without animal exposure, ETS exposure in utero corresponds to a 45% excess risk of persistent phlegm, and in children with no ETS exposure in utero, animal exposure results in a 70% excess risk. However, compared with children in the reference category, there was a 236% (adjusted OR 3.36) excess risk of persistent phlegm in subjects with both ETS exposure in utero and animal exposure, which was approximately twice their independent effects on an additive scale. A similar pattern was observed in persistent cough. Among the children with ETS exposure in utero, the effects of exposure to animals were not significant with respect to doctor-diagnosed asthma (adjusted OR 1.39; 95% CI 0.79-2.48), but they were significant with respect to persistent cough (adjusted OR 1.83; 95% CI 1.12-2.99) and persistent phlegm (adjusted OR 2.40; 95% CI 1.28-4.54).
Discussion
Our results indicate an increased risk of sensitization to animals (indicators of allergen exposure) in children who were exposed to tobacco smoke. The effect seemed to be restricted to ETS exposure in utero, whereas the risk of developing sensitization to animals was not statistically increased among children exposed to ETS in the first 2 years of life or with current ETS exposure. This may be explained by the fact that tobacco smoke exposure seems to act very early, starting already during pregnancy, and a body of evidence shows that the effect of ETS exposure in utero is stronger than postnatal ETS exposure [17, 18] . A study of 16,000 school-aged Scandinavian children found that ETS exposure in utero was associated with increases in asthma attacks, dry cough, and asthma treatments. In contrast, postnatal ETS exposure was inversely associated with these end points [17] . Also, a recent report published by the UK Royal College of Physicians titled 'Passive smoking and children' includes the latest meta-analyses of childhood secondhand smoke exposure (at various levels -prenatal, postnatal, household, solely maternal, paternal, etc.) on asthma and wheeze. The effects of ETS exposure also vary by age groups and are much stronger in younger age groups, i.e. less than 2 years of age [19] . Furthermore, rodent studies have confirmed that in utero exposure to ETS can be critical to subsequent respiratory and immune system responses. Rats exposed to sidestream smoke for the first 100 days of life displayed no altered lung function or reactivity to methacholine [20] . In contrast, rats exposed continually to sidestream smoke in utero from gestation day 3 through week 10 after their birth demonstrated a 24% decrease in lung dynamic compliance and a 20-fold increase in methacholine reactivity compared with rats exposed to smoke only after birth [21] . Also, recent experimental studies have shown that mice exposed in utero to ETS and then to other allergens as adults had exaggerated responses compared with mice not exposed in utero to ETS [9] . However, exposure of adult mice to ETS failed to enhance the immune response to inhaled allergens [22] .
Moreover, a study by Kulig et al. [23] showed that, at the age of 3 years, children who were only postnatally exposed to ETS by a smoking mother also had a 2.2-times higher risk of sensitization to allergens than did unexposed children. In contrast, those only postnatally exposed by a smoking father were less sensitized to allergens, including animal allergens (OR 0.5; 95% CI 0.1-2.6). However, we did not assess the relation between maternal smoking exposure and atopic diseases because the proportion of maternal smoking is still low. In our study, only 48 (0.5%) mothers reported smoking. In Asia, especially in China, women who smoke are considered to be embarrassing and are discriminated against, so the proportion of current female smokers in cities in China is lower compared with western developed countries. In developed countries, especially in English-speaking countries, almost 25% of women are smokers. Results from the European Community Respiratory Health Survey (ECRHS) showed that the proportion of maternal smoking was over 40% in Denmark, Iceland, and the English-speaking countries, and that the proportion of maternal smoking during pregnancy even reached 27% in Ireland [24] . This called our attention to the increasing number of younger and female smokers in recent years. Therefore, we should correctly recognize the association of cigarette smoking with children's health and emphasize the importance of education for children's health, which will be useful for the prevention of respiratory diseases in children.
Passive smoke consists of a complex mixture of 1 4,000 different chemicals, and ETS exposure in utero clearly exposes the fetus to carcinogens and other toxins in tobacco that are metabolized into more potent active compounds [25, 26] . Because the human lung's airway structures are largely complete at birth, it may be that in utero ETS exposure increases the occurrence of asthma-related symptoms by altering critical developmental pathways leading to lower lung function, increased bronchial hyperactivity, and a permanent predisposition to asthma and asthma-related symptoms. Many studies suggest that ETS exposure in utero is associated with deficits in lung function at birth that may persist into young adulthood [18, 27] . The resultant persistent deficits in small airway function associated with in utero exposure may predispose children to asthma-related symptoms during respiratory infections or other insults that produce inflammation, subsequent bronchial hyperactivity, and airflow obstruction [28, 29] . Animal studies also suggest that in utero ETS exposure in combination with allergen exposure in mice enhances TH2 responses [11, 30] , and then the inappropriate persistence of a TH2-dominant response pattern appears to increase the likelihood of allergic sensitization upon sufficient exposure to a variety of common antigens [31] . Because increased and early sensitization to common antigens, in conjunction with decreased lung function and increased bronchial hyperactivity, appears to underlie the pathogenesis of asthma, it is biologically plausible that in utero exposure to ETS increases the occurrence of asthma-related symptoms, especially during the first 6 years of life.
Our study has some limitations. First, this is a crosssectional study and only associations can be concluded from this analysis, so there may be a potential recall bias which may underestimate or overestimate the effects of environmental factors. Second, our outcome measures were based on questionnaire responses alone, the health outcomes were reported and not validated by medical billing information or physician examination, and this study included respiratory symptom prevalence in children, not respiratory symptom incidence; for example, some of the factors that we studied might have affected respiratory symptom prevalence through effects on disease duration rather than disease incidence. Third, the findings of this study are mainly urban northern Chinabased and are therefore not generalizable. However, large epidemiological studies on asthma often rely on reports of the recent symptom history and a physician's diagnosis of asthma because these self-reported measures are cost efficient and practical and their repeatability is generally good [32] . Our findings are of interest, regardless of whether the observed associations were caused by effects related to incidence or duration.
In conclusion, self-reported exposure to animals and ETS contributed independently to asthma-related symptoms in these Chinese children. In utero ETS exposure does modify the effects of animal exposure not on doctor-diagnosed asthma but on persistent phlegm and persistent cough among children in kindergarten. These findings reinforce the need for a public health policy to reduce the exposure of young children to animals and ETS in China. Based on the present study's finding that the number of children with current ETS exposure surpasses 49%, further efforts to call on the Chinese government to intervene to curb smoking by means of antismoking legislations are also warranted.
